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FIELD OF THE INVENTION 

This invention relates generally to diagnostic systems, and in 
particular, to a method of and apparatus for screening for drug candidates. 

10 GO VERNMENT SUPPORT 

The present invention was made with the support from the State of 
Illinois Technology Challenge Grant Program. The State of Illinois has certain rights 
in this invention. 

1 5 BACKGROUND OF THE INVENTION 

The continued and improved health of the pharmaceutical industry and 
the nation is dependent on a constant supply of new lead compounds that will result in 
new therapeutic treatments for disease. This requires the screening of a library of 
candidate compounds for specific biological activity that will result in efficacious 

20 treatment with minimal side effects and low toxicity. Ion channels are central to many 
physiological processes and haye been implicated in several diseases, e.g. cystic 
fibrosis and hypertension. With the explosive growth in knowledge related to the 
hiunan genome, ion channels have become an increasingly important target class for 
new drug development. Existing cell-based high-throughput screening assays provide 

25 the measurable physiological outputs that can be linked to ion chaimel fimction but 
fidl short when trying to meet the competing demands of high-throughput and the 
millisecond time scale temporal resolution requirements of ion chamiel responses. 



More importantly, these existing high-throughput screening devices 
generally do not provide detailed mechanistic information on the potential drug 
candidates classified as "hits." Such existing high-throughput screening devices 
require that these potential drug candidates then undergo a low throughput, high 
content screening in order to become a "lead compoimd." Subsequently, specific 
assays are developed to establish the mechanisms of the signal transduction pathways 
to verify that the lead compoimd is worthy of follow-up study. Such a set of 
procedures is extremely expensive and time-consuming, especially considering that 
the vast majority of compounds undergoing such screening do not become drugs. 

Clearly, any new technique developed to improve the efficiency of this 
time-consuming and cost-intensive drug discovery process will be highly beneficial. 
One such approach to reduce the number of stages of drug discovery involves cellular 
assay screens. Cellular assay techniques often use fluorescence detection, which has 
major advantages as compared to other investigation methods. These include high 
sensitivity, wide dynamic range, and capability of remote detection of the signals 
ft-om the samples. Fluorescence detection techniques enable monitoring of rapid 
dynamic changes in the concentration of substances of interest in living cells and 
biological tissues. Fluorescence-based measurements have been widely adopted to 
investigate the signal transduction pathways activated via drug and cell receptor, ion 
channel, or other cell-specific interactions. 

None of the cell-based assay technologies uses multiple simultaneous 
measurements. There are a number of fluorescence detection devices available for 
detecting intracellular constituents of interest in biological samples. Most of these 
devices use epi-illumination fluorescence microscopy and can only perform one 
fluorophore measurement at a time. Li such systems, an excitation wavelength is 



chosen by filtering a broad band light source that is transmitted through a microscope 
objective to illiuninate the specimen. Light emitted from the specimen is collected by 
the same microscope objective, filtered and detected by either a charge coupled- 
device (CCD) camera or a photomultiplier tube (PMT). 

Single fluorophore detection approaches have the limitation that they 
can only detect one event at a time. For example, Fura-2 fluorophore detection has 
been widely used to measure intracellular calcium ion concentration as a second 
messenger to indicate whether or not a G protein coupled receptor has been activated 
by a drug. However, the actual physiological situation is more complex. In some 
cases, a single receptor can activate different G proteins and thereby induce dual or 
multiple signaling routes which lead to the production of multiple second messengers, 
hi other cases, multiple receptors can converge on a single G protein that has the 
capability of integrating different signals. Different signaling pathways also interact 
with each other to carry out complex cellular events or permit fine-tuning of cellular 
activities required in developmental and physiological processes. In this regard, a 
single ligand may initiate more than one effector protein and thereby initiate a 
complex signaling network. Single fluorophore systems cannot detect such 
interactions among ionic and signal transduction pathways. 

The use of more than one fluorophore as a way of increasing the 
sensitivity and precision of assays has been recognized. Two fluorophores have been 
used in a cross-correlation method to determine the kinetics of enzyme cleavage of a 
molecule to which the two fluorophores were attached to different parts of the cleaved 
molecule. However, unlike the present invention, this technique has been used to 
assay a single event and caimot be used to assay a complex of events characteristic of 
a living cell. 



The detection of several cellular events simultaneously would greatly 
increase the volume and quality of information available from each screening assay. 
The need for such a multiple assay has been widely recognized. Previous approaches 
involved analyzing concentration measurements of cellular constituents produced in 
5 response to various concentrations of drug candidates, but unlike the present invention 
do not provide kinetic information. 

A multi-fluorophore detection system that can be used to detect 
multiple cellular kinetic events simultaneously is very important for the delineation 
and understanding of ionic and signal transduction pathways and their interactions, 

10 multiple signal transduction pathways activation, and the corresponding down-stream 
cascades initiated by a single ligand. The availability of such a multi-fluorophore 
system has the potential to greatly improve the cost-effectiveness of drug discovery 
and to coinpress the drug discovery process timeline. For example, considering the 
regulation of epithelial cell function, such epithelial cell functions are temporally 

15 regulated by sequential activation of multiple major ionic channels and transporters 
that regulate intracellular Ca^, Na^, K^, and CI", which in turn modulate the cell 
membrane potential. Individual measurements of intracellular Na"^ ([Na"^]!), Ca^ 
([Ca^]i), Cr ([Cr]i) concentrations and cell membrane potential suggest that they are 
central to many fundamental physiological and patho-physiological mechanisms. The 

20 specificity and sensitivity of [Ca'^Ji, [Na'^i, [CY]i and cell membrane potential are 
linked to many of these mechanisms. Thus, direct measurement of [Ca^]i, [Na^]i, [Cr 
]i and cell membrane potential are appropriate end point indicators to evaluate drug 
candidates for potential therapeutic intervention. The site and mechanism of action of 
a test compound can be identified with a hi^ degree of specificity by simultaneously 

25 characterizing agent-induced dynamic (and spatial) responses of the fluorescence from 
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multiple fluorophores. Each of these fluorophotes is sensitive to an agent-induced 
change in molecular state or concentration of a specific ion or lipid membrane 
potential. iSince each of these parameters is dependent on specific cellular mechanisms 
that may or may not be coupled, the resultant combinatory data set can give unique 
characteristic information on the drug candidate used to challenge the cells. Such data 
can not be reliably derived from the measurement of a single fluorophore or from 
sequential measurements of the response of each of several fluorophores. 

In addition to the multiple fluorophore measurements, high-throughput 
drug screening devices also need to be designed to rapidly screen many thousands of 
candidate compounds in the least possible time with the least possible interference 
with candidate-cell interactions. For multi-flubrophore kinetic event detection 
systems, design constraints are even more critical than for existing single fluorophore 
systems which typically use 96, or 384, well plates in which cells previously loaded 
with dye are placed in each well, followed by the addition of drug candidates in a 
cumulative manner. There is a need for an improved scanning system that is capable 
of scanning each well on the plate in a precisely controlled manner both in time and 
space, with a spatial resolution of 5pm in multiple wells on a plate that measures 86 
mm X 128 mm, a temporal resolution of at most 50 |Lisec, and to be able to follow 
fluorescent signals for at least several minutes. Current scaiming systems, which rely 
of mechanical devices for moving the scan firom spot to spot, cannot meet such 
stringent requirements, nor can acousto-optical scanning devices that utilize 
conventional optics. 

Accordingly, there is a need for an improved method of and apparati 
for screening dmg candidates, including an improved scanning system that will meet 
the needs of the multi-fluorophore high throughput dmg screening system. 



SUMMARY OF THE INVENTION 

The present invention relates to a method of multi-signal cell-based 
drug screening utilizing the simultaneous measurement of the time-dependent 
fluorescence from three or more fluorophores activated by a drug candidate; and a 
high throughput drug screening platform including two or more 2-dimensional 
acousto-optic modulators to provide simultaneous measurement of the time-dependent 
fluorescence from three or more fluorophores activated by a drug candidate. 

The method advances the current state of the art by providing higher 
sensitivity and specificity than present methods and systems. With improved light 
collection and reduced background noise, signal/noise ratio is also greatly improved. 
The use of dichroic polarizer-analyzers greatly diminishes interference from incident 
light. The kinetics of the cellular events can be measured for the first time on a 
millisecond time scale through the use of high bandwidth, high frequency photon 
counting. By the simultaneous measurement of several fluorescent signals, complex 
cellular responses to drug candidates can be elucidated. Thus, detailed 
characterization of target cells and their response to drug candidates become possible 
for high throughput drug screening. 

The present invention also relates to a two-dimensional scanning 
system for a multi-signal cell-based drug screening system utilizing the simultaneous 
measurement of the time-dependent fluorescence from several fluorophores loaded 
into the cells and activated by a drug candidate. The system advances the current 
state of the art by providing higher sensitivity and specificity than present systems, 
and the ability to reliably screen many more drug candidates in a shorter period of 
time than present systems. 



The system comprises an optical excitation system containing light 
sources that emit at least two pre-determined wavelengths of light together with at 
least two dichroic mirrors or equivalent filters to direct the incident light to the 
specimen; a specimen holding/indexing system preferably comprising an inverted 
5 fluorescence microscope or an optical scaimer; a fluorescence separation system 
comprising at least two long-pass dichroic mirrors or equivalent filters to direct and 
separate at least three emitted wavelengths and direct them to the photo-detectors; a 
fluorescence photodetection system comprising a plurality of dichroic polarizer- 
analyzers, a plurality of interference filters for the respective emission wavelengths, 

1 0 and a plurality of photon detectors; and a multi-channel transistor-transistor logic 
(TTL) counter and interfaced computer control system that processes and displays a 
minimum of 3 fluorescence signals in real-time at a bandwidth of IMHz each. The 
fluorophores target a major cation, a major anion, and the cell membrane potential. 
For example, the major cation could be Na^, K"*", or Ca"^, while the major anion could 

15 be Cr, or HCOa". The three detectors of the present invention could be designed to 
detect a major catioti, a major anion, and the cell membrane potential, respectively. 

The method of the present invention utilizes a fluorescence detection 
system that has a high signal to background noise ratio; high sensitivity simultaneous 
detectioii of three fluorescence emissions and flieir kinetics from such biological 

20 specimens as cells, tissues, organs and proteins; a high speed, real-time detection 
system that captures cellular events occurring on a millisecond time scale and, thus, 
allows for the first time, detailed temporal characterization of cellular responses to 
drug candidates. 

By using the cell-based fluorescence detection system and method 
25 disclosed herein, both non-specific target activated and specific physiological activity 
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and toxicity can be deteimined at the cellular level in a manner that is not possible 
when screening at the molecular or enzymatic level. An additional use of the method 
and apparatus of the present invention is to provide a cellular screen for validation of 
"hits" from such molecular or enzymatic screens. Changes in fluorescence kinetics 
for cellular fluorophore reportable molecular species for time intervals on the order of 
milliseconds can be detected. 
BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is a block diagram of a system for screening of drug candidates 
according to the present invention; 

Fig. 2 is a more detailed block diagram of a system for screening of 
drug candidates according to a particular alternate embodiment of the present 
invention; and 

Fig. 3 is a flow chart for a method of screening of drug candidates 
according to the present invention. 

Fig. 4 is a more detailed flow chart for a method of screening of drug 
candidates according to a particular alternate embodiment of the present invention. 

Fig. S is a flow chart for a method of screening of drug candidates 
according to an alternate embodiment of the present invention. 

Fig. 6 shows spectral characteristics of dichroic mirrors for 
simultaneous measurement of a fluorescein-based fluorophore, a dihydroquinoline- 
based fluorophore, and a styryl-based fluorophore according to the present invention. 

Fig. 7 is an example of the cimiulative dose kinetic responses of Ca^, 
Cr and cell membrane potential to incrementally increasing concentrations of 
Glibenclamide in normal human bronchial epithelial cells according to the present 
invention. 
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Fig. 8 is an example of the cumulative dose kinetic responses of Ca , 
Cr and cell membrane potential in NHBE cells to incrementally increasing 
concentrations (.01|iM to ImM) of uridine triphosphate (UTP) according to the 
present invention. 

Fig. 9 is an example of the cumulative dose kinetic responses of Ca^, 
cr and cell membrane potential in NHBE cells to incrementally increasing 
concentrations (0.01 mM to 1.0 mM) of l,3-dihydro-l-[2-hydroxy-5- 
(trifluoromethyl)phenyl]-5-(trifluoromethyl)-2H-benzimidazol-2-one (NS 1619) 
according to the present invention. 

Fig. 10 is a diagram of an acousto-optical modulator that can move an 
incident laser light beam in one dimension to a precisely defined point. 

Fig. 11 is a block diagram of the two-dimensional scanning system 
according to the present invention. 

Fig. 12 is a flow chart describing the computer logic for the method of 
analyzing and displaying the measurements according to the present invention. 

Fig. 13 is the graphical user interface of the two-dimensional scanning 

system. 

Fig. 14 is a block diagram of a waveform modulated light emitting 
diode (LED) light source for use in a system for screening for drug candidates 
according to the present invention. 

Fig. 15 is a photograph of the front panel of the waveform modulated 
light emitting diode (LED) light source for use in a system for screening for dmg 
candidates according to the present invention. 

The accompanying drawings, which are incorporated in and form a 
part of this specification, illustrate embodiments of the invention and, together with 



descriptions, serve to explain the principles of the invention. They are not intended to 
limit the scope of the invention to the embodiments described. It will be appreciated 
that various changes and modifications can be made without departing from the spirit 
and scope of the invention as defined in the appended claims. 

5 

DESCRIPTION OF THE PREFERRED EMBODIMENTS 

Reference will now be made in detail to the preferred embodiments of 
the invention, examples of which are illustrated in the accompanying drawings. While 
the invention will be described in conjunction with the preferred embodiments, it will 

10 be understood that they are not intended to limit the invention to these embodiments. 
The invention is intended to cover altematives, modifications and equivalents, which 
may be included within the invention as defined by the appended claims. 

Turning now to Fig. 1, a block diagram of a drug screening system 100 
is shown. In particular, a light source block 102 comprises a first light source 104 

15 generating a first light beam 106, and a second light source 108 generating a second 
light beam 110. The light source block 102 preferably includes at least 2 
predetermined excitation wavelengths of polarized light. In the embodiment shown in 
Fig. 2, the light source block 102 comprises a light source assembly comprising a low 
power (<50mW) polarized argon laser merged with a xenon light source. A 

20 microscope 112 holds and indexes one or more fiuorophore-loaded specimens 114. 
The specimens 1 14 are maintained by a plate 115, which be described in more detail 
in reference to Figs. 10-12, and used in conjunction with the microscope 112 which 
receives the light beams 106 and 110. Light beam 116 emitted by the specimen is 
coupled to a fluorescence separation device 118. The fluorescence separation device 

25 118 generates a plurality of wavelengths of light 122, 124, and 126. Although three 

10 



wavelengths of light are shown here, any niunber of vvavelengths could be generated. 
The wavelengths of light 122, 124 and 126 are coupled to a photon detector block 128 
having a plurality of photon detectors. The photon detectors detect and count photon 
emissions from the wavelengths of light 122, 124 and 126, and couple the counts 130, 
132 and 134 to a computer 136. A response profile of the target cells is generated 
based upon the photon emission counts. 

Turning now to Fig. 2, a more detailed block diagram of the drug 
screening system 100 is shown. In the particular case of a laser light source, the hght 
source 102 comprises the first light source 104 which generates a laser beam 202. 
The laser beam 202 is coupled to a filter 204. The filter could be, for example, a 
neutral density filter which will reduce the intensity of the laser beam in order to 
reduce any damage to the specimen fix)m the laser beam. In particular, if the intensity 
of the laser beam is too bright, the dye in the specimen will bleach. The filtered laser 
beam 206 which is output from the filter 204 is coupled to a beam expander 208. The 
beam expander 208 widens the laser beam, and generates the first light beam 106. 

In one embodiment using the laser light source, the first light source 
104 comprises a polarized argon ion laser used as an excitation source. The laser 
beam 202 passes through the filter 204 which could be, for example, a neutral density 
filter, to the beam expander 208 which could be, for example, a 10 X beam expander. 
The light beam which is output from the beam expander 208 in the embodiment of 
Fig. 2 is coupled to a dichiroic mirror 210. In particular, in addition to passing the first 
light beam 106, the dichroic mirror deflects the second light beam 110. The dichroic 
mirror 210 could be, for example, a 45° long pass dichroic mirror which passes the 
wavelength of the first light beam 106 and reflects the other wavelengths. Figure 6 
shows spectral characteristics of the dichroic mirrors which could be used for 
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simultaneous measurement of a fluorescein-based fluorophore, a dihydroquinoline- 
based fluorophore and a styryl-based fluorophore according to the present invention. 
Although the dichroic mirrors 210 and 214 are shown as a part of the microscope 1 12, 
the dichroic mirrors could be separate from or attached to a conventional microscope. 

The second light beam 110 could be a monochromatic light beam 
generated from a xenon lamp and used as an excitation light source which is directed 
to and deflected by the dichroic mirror 210. Altematively, monochromatic light from 
sources such as a mercury arc lamp might also be used. The second dichroic mirror 
214 is positioned to deflect the combined light beam 212 to create an incident light 
beam 216 which is coupled to an objective lens 218 prior to hitting the specimen 1 14. 
The merged light beams, reflected 90° perpendicularly by a 45° band pass dichroic 
mirror mounted beneath the objective of the microscope, are focused onto the 
specimen by the objective lens 218. 

In the preferred embodiment in which a Ught emitting diode (LED) 
light source is used, block 102 in Fig. 2 is replaced by the LED light source shown in 
Fig. 14 and described below. 

The dichroic mirror 214 also passes light emitted by the specimen 1 14. 
A passed light beam 220 is provided to an 80% Thompson reflective prism 222 
contained within the inverted microscope 112. The prism deflects the light beam to 
generate the deflected light beam 116. Fluorescent wavelengths emitted from the 
specimen 114 pass and are preferably reflected by the 80% Thompson reflective 
prism inside the microscope to the side port of the microscope. The inverted 
microscope also enables a viewer to view the reflected light beam 220 to ensure that 
the incident light beam 216 is properly focused on the specimen. The number of 
fluorescence wavelengflis depends upon the number of fluorophores in the specimen. 

12 



The embodiment of Fig. 2 is designed to detect three fluorescent wavelengths, 
although it could be designed to detect any number of wavelengths. 

Typically, issues in fluorescence detection include the reduction of 
background noise in the detection system, excitation source associated optics 
(dichroic mirror, interference filters, focusing lenses, etc.), the substrate containing 
the sample to be analyzed, and the emission filters in the multiple fluorophore 
detection system. When multiple wavelengths of source light and multiple 
wavelengths of emission are involved, reduction of backgroimd signal becomes more 
critical. The key challenge for multiple fluorophore detection in the epifluorescence 
mode is to effectively separate and collect photons from multiple emission 
wavelengths with minimal photon loss, and without generating a high background 
signal from multiple wavelengths of the incident light source. 

An emitted fluorescence light beam consisting of the three 
wavelengths is preferably directed to another long pass dichroic mirror which reflects 
the shortest wavelength and allows the passage of the other two longer wavelength 
fluorescent signals. The fluorescence wavelength reflected by the long pass dichroic 
mirror preferably passes through a dichroic polarizer-analyzer, an interference filter 
for the wavelength, and is focused by a relay lens onto a photon counting 
photomultiplier tube (PMT). Preferably, the fluorescence separation device 118 
directs each component wavelength of emission fluorescence to each individual 
photon detector, and at the same time reduces the reflection noise from the excitation 
light source. The use of dichroic polarizer-analyzers in the detection path greatly 
reduces interference from the incident wavelengths and increases the signal to noise 
ratio. To select the preferred dichroic polarizer-analyzer for a specific application, it 
is necessary to determine the signal to noise ratio or signal to background level for a 
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particular emission wavelength when a polarized excitation source is used. Signal to 
noise ratios can be determined by comparing the magnitude of the light emissions 
from a defined amount of fluorescent material measured to the noise obtained by 
measuring an empty addressable well under identical conditions. "Addressable well" 
refers to a spatially distinct location on one well of a multi-well chamber, which has a 
thin bottom (—0.17 mm #1 cover glass) within the microscope objective focal length 
or within the range of another detection device that serves the same purpose, such as 
an optical scanner, and with open access at the top. 

Referring particularly to the embodiment of Fig. 2, the reflected light 
116 is coupled to a third dichroic mirror 224 which separates the reflected light 116 
into a passed light beam 226 and a deflected light beam 228. The deflected light 
beam 228 is preferably of a first wavelength. The deflected light beam 228 is coupled 
to a dichroic polarizer-analyzer 230, followed by a relay lens 232 and a filter 234. 
The passed light 226 is provided to a fourth dichroic mirror 240 which also passes a 
portion of the light to generate a passed light beam 242 and a deflected light beam 244 
of a second wavelength. The deflected light beam 244 is provided to another dichroic 
polarizer-analyzer 246, a relay lens 248 and a filter 250. Finally, the passed light 
beam 242 of a third wavelength is coupled to a dichroic polarizer-analyzer 252, a 
relay lens 254 and filter 256. The relay lens focuses the deflected light beams to their 
respective counters^ while the filters, preferably band pass filters, pass the desired 
fi-equency of tiie deflected light beam. Accordingly, the fluorescence separation 
device 118 generates light beams from the specimens having three different 
wavelengtiis. 

Each of the three light beams, after being filtered by the dichroic 
polarizer-analyzers, relay lenses, and filters, is provided to a PMT and a pulse 

14 



amplifier and discriminator (PAD). The output of each PMT and PAD is coupled to a 
computer 136 comprising a TTL counter 272 and associated software 274. The 
resulting current pulses generated by the PMT 260, 264, and 268 are converted to 5V 
transistor-transistor logic (TTL) pulses by the PADs 262, 266 and 270. The resulting 
5 TTL pulses 130, 132, and 134 firom each of the PADs 262, 266, and 270, respectively, 
are preferably coupled to TTL counter 272, which could be for example, a 5-channel, 
5 MHz TTL counter interfaced to a computer. The data are processed by software 274 
and the results could be displayed on a screen in real-time. 

The fluorescence detection system 118 and 128 preferably includes at 
1 0 least three photon sensitive detectors, such as photomultiplier tubes (PMTs), charge 
coupled devices (CCDs), or photodiodes. In the preferred embodiment, such PMTs 
have a maximum count rate (random pulse) up to 3x10 cps for simultaneous photon 
detection and quantification of at least three emission wavelengths. Such PMTs 
usually exhibit good linearity up to 10^ cps. The detectors preferably function in the 
1 5 epifluorescence mode where the preferred illiunination is firom the bottom of the 
addressable well and the preferred collection of the emitted light signal is also fiom 
the bottom of the addressable well. 

Preferably, a multi-channel TTL counter interfaced to a computer 
control system that processes and displays a minimum of three fluorescence signals in 
20 real time, each with a minimum of 1 MHz bandwidth, should be used. Preferably, the 
data processing and control unit converts current pulses generated from a PMT to 5V 
TTL pulses that are further counted by the multi-channel TTL counter 130 interfaced 
to a computer. Photon counts fix>m multiple detectors are measured intermittently. 
Counts from each of the emitted multiple wavelengths are preferably displayed 
25 simultaneously on a computer screen in real time. 

15 



Turning now to Fig. 3, a flow chart shows a method of screening for 
drug candidates according to the present invention. A first light source is provided to 
a specimen of fluorophore loaded target cells at a step 302. A second light source is 
also provided to the specimen of fluorophore loaded target cells at a step 304. At 
5 least three wavelengths of light emitted by the specimen are separated at a step 306. 
Photon counts firom at least three wavelengths of light are detected at a step 308. A 
response profile of the target cells is then generated at a step 310. 

Turning now to Fig. 4, a flow chart shows a more detailed method of 
screening for drug candidates according to the present invention. Li particular, a laser 

1 0 beam from a first light source is provided at a step 402. The laser beam firom the first 
light source is altered to generate an appropriate light beam at a step 404. The altered 
beam of light firom the first light source is directed to a specimen of fluorophore 
loaded target cells at a step 406. Light from a second light source is directed to the 
specimen at a step 408. The directed beam of light ftom the first hght source and the 

1 5 second light source is focused on the specimen at a step 410. A first wavelength of 
light firom light emitted by the specimen is separated at a step 412. A second 
wavelength of light from light emitted by the specimen is separated at a step 414. 
Finally, a third wavelength of light from light emitted by the specimen is separated at 
a step 416. Photon counts from the three wavelengths of light are detected at a step 

20 418. A response profile of the target cells is generated based upon the photon count at 
a step 420. It should be understood that the methods of Figs. 3 and 4 could be 
performed by the system of screening for drug candidates of Fig. 2, or some other 
suitable device. 

Turning now to Fig. 5, a flow chart shows another method of screening 
25 for drug candidates according to the present invention. A laser light beam from a first 
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light source is provided at a step 502. The range of intensity of the laser light beam 
from the first light source is reduced at a step 504. The range of intensity could be 
reduced, for example, by a neutral density filter, such as the filter 204 of Fig. 2. The 
beam of light from the laser beam from the first light source is widened at a step 506, 

5 The beam could be widened, for example, by a beam expander, such as the beam 
expander 208 of Fig. 2. The widened beam of light from the first light source is 
directed toward a specimen of fluorophore loaded target cells at a step 508. Light 
from a second light source is directed to the specimen at a step 510. The widened 
beam of light from the first light source and light from the second light source are 
10 focused on the specimen at a step 512. The beams of light could be focused on a 
specimen by using a lens, such as the objective lens 218 of Fig. 2. A visual indication 
of light emitted by the specimen is preferably provided at a step 514. The visual 
indication could be provided by an inverted microscope, such as the inverted 
microscope 112 of Fig. 2. The visual indication enables an operator who is screening 

1 5 drugs to ensure that the beams of light directed on a specimen are properly focused on 
the specimen. 

A first wavelength of light emitted by the specimen is separated at a 
step 516. The first wavelength of light could be separated, for example, by a dichroic 
miiror, such as dichroic mirror 224 of Fig. 2. Similarly, a second wavelength of light 

20 emitted by the specimen is separated at a step 518. The second wave length of light 
could be separated by a second dichroic mirror, such as dichroic mirror 240 of Fig. 2. 
Finally, a third wavelength of light emitted by the specimen is separated at a step 520. 
The third wavelength of light could be, for example, the light passed by the dichroic 
mirrors 224 and 240 of Fig. 2. Excitation light is then filtered from each of the first, 

25 second and third wavelengths of light at a step 522. For example, dichroic analyzers, 
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such as dichroic analyzers 230, 246 and 252 of Fig. 2 could be used to filter excitation 
light. The filtered light of the first, second, and third wavelengths is focused to 
detectors at a step 524. For example, relay lenses 232, 248, and 254 of Fig. 2 could 
be used to focus the wavelengths of light. Each of the three wavelengths of light are 
5 then passed through a separate interference filter at a step 526. For example, filters 
234, 250 and 256 of Fig. 2 could be selected to pass the three wavelengths of light, 
respectively. Finally, photon counts from each of the three wavelengths of light are 
detected at a step 528 and a response profile of the target cells is generated at a step 
530. 

10 The following examples use the experimental protocols described 

below unless specified otherwise. They are intended for purposes of illustration only 
and should not be construed to limit the scope of the invention as defined in the 
claims appended hereto. 

Normal human bronchial/tracheal epithelial cells (NHBE, Clonetics) 

1 5 were cultured in T-25cm^ flasks at 37°C, 5% CO2 using Bronchial/Tracheal Epithelial 
Cell Growth Medium containing Retinoic Acid (BEGM, w/RA, Clonetics). When the 
NHBE cells in the T-25 flasks reached 60%-80% confluency, the cells were passaged 
using a seeding density of 3500 cells/cm^. A portion of the cells was passaged in T- 
25 flasks again while the remaining cells were seeded on UV-exposed Vitrogen (pH 

20 balanced 1 : 1 BEGM to Vitrogen) coated 4-well cover glass chambers (LabTek n). 
NHBE cells normally attached to the collagen-coated cover glass chamber within 24 
hrs. Prior to these cells reaching 60% confluency, they were used for all the 
experiments described below. Cells used in all the experiments were either or 3'^ 
passage cells maintained in Bronchial/Tracheal Epithelial Cell Growth Medium with 

25 Retmoic Acid (BEGM, w/RA, Clonetics). 



The following procedures for loading the cells with fluorophore were 
employed. Balanced Hank's (BH) solution without phenol red was used as the 
medium for all the fluorophore preparations and cell washings unless stated 
otherwise. Fluo-3 (a Ca"^ indicator), di-MEQ (a CI' indicator) and RH421 (a cell 
membrane potential indicator) were loaded into cells sequentially at room 
temperature. Cells were first incubated with 8 |iM Fluo-3 solution for 60 minutes, 
followed by incubating with 50 |jM di-MEQ for 5 minutes and then finally with 10 
|jM RH421 for 5 minutes. Extraneous dyes were washed with BH solution between 
each fluorophore loading procedure. The cells were allowed to stabilize in BEGM for 
a minimum of 15 minutes at room temperature prior to the beginning of each 
experiment. 

Experiments were performed at room temperature. All tested agents 
were prepared in Balanced Hank's Solution. One of the wells of the cover glass 
chamber was placed on the stage of the inverted microscope and tiie cells loaded with 
the fluorophores were visually focused with the violet, green and orange emitted light 
from the cells approximately in the same focal plane. At a sampling frequency of 
lOOHz, cells with the following photon counts were chosen for the study: 20 to 50 
counts per channel (cpc) for Ca"*^ fluorescence, 70 to 200 cpc for CI" fluorescence, 
and 20 to 50 cpc for cell membrane potential fluorescence. After establishing a 2 
minute baseline, increasing doses of the agent of interest were added topically to the 
wells 2 minutes apart. At the end of each experiment, a toxic dose of the agent of 
interest was added to the sample to either shrink or swell the cells beyond their 
normal cell volume regulatory range. This caused the fluorescence signals of each of 
these fluorophores to reach either maximimfi or minimum values. If either one of 
these fluorescence signals did not reach a maximum or minimum, the experiment was 
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discarded. Background fluorescence was recorded using a cell free area of the same 
well. If the signal to background ratio was not higher than a factor of 10, the 
experiments were also discarded. 

Example 1: Cumulative dose kinetic responses of 
5 IntraceUular Ca"^, Cr and cell membrane potential to 

Glibenclamide. 

Glibenclamide, a chloride channel blocker in airway epithelial cells 
predictably increased [CY]i (the fluorescence of MEQ is inversely proportional to [CF 
]i) that in turn hyperpolarized the cell membrane. The responses are shown in Figure 

10 7. In particular, Figure 7 shows an example of the cumulative dose kinetic responses 
of Ca , cr and cell membrane potential in normal human bronchial epithelial cells 
(NHBE) to incrementally increasing concentrations (25jiM to SOOfxM) of 
Glibenclamide, a chloride chaimel blocker. The kinetic responses were measured as 
photon counts acquired in 10ms intervals over >800seconds. It may be noted that, in 

15 normal human epithelial bronchial cells for Glibenclamide concentrations below 500 
(iM, intracellular Ca^ and membrane potential are little affected, while intracellular 
cr declines as Glibenclamide concentration increases. When Glibenclamide 
concentration reaches 500 \iM, however, there is a rapid increase in intracellular Ca^, 
a simultaneous drop in intracellular CF, and a simultaneous increase in membrane 

20 potential. The correlation of these events and their kinetics, observations that can 
only be made with the present invention, provides unique insights into the mechanism 
by which Glibenclamide affects the cells. 

Example 2: Cumulative dose kinetic responses of 
25 intracellular Ca"^, CV and cell membrane potential to uridine tripliosphate. 
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Figure 8 shows an example of the cumulative dose kinetic responses of Ca^, 
Cr and cell membrane potential in NHBE cells to incrementally increasing 
concentrations (.OlmM to ImM) of uridine triphosphate (UTP), a calcium dependent 
chloride channel activator. UTP is a ligand to the p2Y receptor. The kinetic responses 
5 were measured as photon counts acquired in 10ms intervals over >800 seconds. 

Uridine triphosphate (UTP) is a calcium dependent chloride chaimel 
activator. The responses to increasing concentrations of UTP are shown in Figure 8. It 
may be noted that for UTP concentrations of 0.1 mM, and 1 mM, there is a rapid 
increase in intracellular Ca"*^, followed by a measurable rate of decline, but essentially 
10 no changes in either intracellular CI" or membrane potential. With the present 
invention, the kinetics of intracellular Ca^ flux out of the cell can be determined, and 
its relationship to other cellular events can be examined. 

Examples: Cumulative dose kinetic responses of intracellular Ca^, Cr and cell 
1 5 membrane potential to l,3-dihydro-l-[2-hydroxy-5-(trifluoromethyl)phenyl]-5- 
(trifluoromethyl)-2H-benzimidazoI-2-one (NS 1619) , a calcium sensitive Bk 

potassium channel activator. 

Hyperpolarization of the cell membrane can also be induced via 
different cellular mechanisms such as by decreasing intracellular potassium. Figure 9 

20 shows an example of the cumulative dose kinetic responses of Ca"^, CI' and cell 
membrane potential in NHBE cells to incrementally increasing concentrations (0.01 
mM to 1.0 mM) ofl,3-dihydro-l-[2-hydroxy-5-(trifluoromethyl)phenyl]-5- 
(trifluoromethyl)-2H-benzimidazol-2-one (NS 1619) , a calcium sensitive Bk 
potassium channel activator. The kinetic responses were measured as photon counts 

25 acquired in 10ms intervals over >900 seconds. It should be noted that the relative 
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potencies of these agents in terms of the mechanisms for eliciting the temporal 
responses, the duration of the agent actions and the magnitude of hyperpolarization of 
the cell membrane can be compared and monitored for the first time. The responses to 
increasing concentrations of l,3-dihydro-l-[2-hydroxy-5-(trifluoromethyl)phenyl]-5- 
5 (trifluoromethyl)-2H-benzimidazol-2-one (NS 1619) are shown in Figure 9. At 0.01 
mM, there is essentially no change in intracellular Ca"^, nor in intracellular Cr, but a 
small increase in membrane potential. At 0.1 mM, both intracellular Ca"^ and CI" are 
essentially unchanged, but membrane potential shows a small increase. At 1 mM, 
intracellular Ca"^ shows a sharp increase, intracellular Cr shows a simultaneous sharp 

10 decrease, and membrane potential shows a simultaneous sharp increase. The 
correlation of these events can provide important insights into the underlying : 
mechanisms of the activation. These sets of at least three simultaneous responses to a 
stimulant can then be used to determine characteristic parameters which together 
uniquely define the ensemble kinetic response profile of the target cells in the 

15 specimen to the stimulant. 

In order to perform high throughput drug screening, a screening system 
preferably includes a two-dimensional scanning device, such as the two-dimensional 
scanning device of the present invention. Such a scanning system must be capable of 
the following: 

20 1. The ability to scan the area of a standard titer plate measuring 160 mm by 85 
mm, containing multiple wells, witii a spatial resolution within each well of 50 

2. The ability to scan an area of 12 by 8 pixels with a dynamic resolution of 50 
|xsec per pixel. 

25 3 . The ability to support a photon counting detector bandwidth of at least 20 KHz. 
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4. The ability to scan any spot on the plate, or cells within any well on the plate in 
any pre-progranuned or random configuration. 
The present invention is based on an acousto-optical modulator (AOM), 
Referring to Fig 10, an AOM is resonated at a very high radio frequency to generate 
an acoustic wavefront within the piezo-electric crystal medium of the modulator. 
When an incident light beam is intercepted tangentially on the crystal, the light beam 
is deflected by flie acousto-optical wavefront according to Bragg' s Law. Since the 
angle of deflection is dependent on the wave length of the acousto-optical wavefront, 
the angle of deflection can be precisely controlled by electronically varying the 
frequency of the resonator. Typical frequencies are in the KHz to MHz range, with 
rise times of the order of 10 nsec and access times of the order of 15 jisec. The output 
beam contains zero order (DC), first order, second order, etc., beams, with the first 
order beam containing approximately 60% of the incident beam energy. 

Fig. 1 1 is a block diagram of one embodiment of the two-dimensional 
scanning system that meets the criteria noted above. The central feature of the system 
comprises two acousto-optical modulators (602) set at right angles to each other 
(perpendicular x- and y-axes) with the distance between them set within the range of 
deflection of the first order beams of each of the modulators. Referring to Fig. 1 1, a 
light source comprising a continuous wave argon ion laser (601) produces a light 
beam that impinges on a two-dimensional acousto-optical device consisting of a pair 
of acousto-optical modulators set at rijght angles to each other and spaced within the 
range of deflection of each other's first order beams. (602). The acousto-optical 
modulators are driven by electronics (614) which is driven by a scanning frequency 
and voltage from a digital/analog (D/A) board (613) within the computer system 
(611). The 8 by 12 optical laser beams generated by the acousto-optical modulators 
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pass through a piano-converging lens (603), which cause the laser beams to transmit 
in parallel and to the dimensions of a 8 by 12 fiber-optics array (604). The distal end 
of the fiber optics is coupled to a 96 lens array (605), each lens of which directs a 
light beam to a pre-determined spot on the 96 well plate (606). The emitted 
5 fluorescent light firom the Fluo-3 and RH421 fluorophores, from each well of the 96 
well plate is detected independently by two sets of detection fibers. These detection 
fibers form two 8 by 12 optical fiber arrays, one for each of the detected fluorescent 
signals. The respective emitted fluorescent light passes through the photomultiplier 
tube and pulse discriminator (610), interference filter, and relay lens. Signals from 

10 blocks (608) and (610) then pass to the TTL timer board and real-time display (612) 
within the computer system (61 1), where signals representing Fluo-3 emission (607), 
and signals representing RH412 emission (609) are analyzed, and displayed in real 
time. Although the embodiment shown in Fig. 1 1 shows one source of light, three 96 
fiber-optics arrays, a 96-well plate and two fluorescent signals, the invention is not 

15 limited to this embodiment, hi particular, several sources of light can be used, 
geometrical optics such as diverging lens can be used to direct the laser beams to the 
designated spot of each well, many more fibers can be bundled together, many more 
wells can be scaimed, and more than two fluorescent signals can be simultaneously 
analyzed. 

20 Fig. 12 is a flow chart for the computer logic for processing and 

display in real-time of the results of the measurement that take place within the 
computer system 615. The voltage and scanning frequency from the D/A board 
within the computer pass coordinate signals for the x-axis and the y-axis acousto- 
optical modulator crystals to the RF driver'618 which, in tum, sets the parameters for 

25 the AOM scanner 602. Fluorescent light signals retuming from the 96-well plate to 
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photon detectors 610, and 612 are then transmitted to the TTL counter timer board 
616, whence they are displayed iii realtime. The number of signals received is 
compared to a preset count total 614 and when the preset maximum is reached, the 
counters are disarmed (6 15). 

In the preferred embodiment, a PCI bus-based, multi-channel coimter 
timer computer board is configured for the system. A second multi-purpose, PCI-bus 
based computer board is . used to provide two voltage analog output signals for 
controlling the AOM scanner's X and Y coordinates (AOMx and AOMy), 
respectively, and a gating signal for the buffered photon event counting operations on 
the other computer board. The two devices are connected using a real time system 
integration (RTSI) bus connector. 

Depending on the multi-well plate scanning configuration, i.e., number 
of wells and number of scans per well selected by the user, the operating voltage 
range of the AOM scanner is divided into the required number of steps necessary to 
provide the required spatial coverage of the plate. The computer software tiien 
computes values for AOMx and AOMy voltage pairs and directs the computer 
hardware to output these voltages which in turn control the direction of the light beam 
and thus its scan position on the multi-well plate. The computer software has the 
capability to allow a raster scan or a random scan mode of operation for scanning the 
wells in a multi-well plate. The voltage pairs controlling the AOM scaimer are sent 
out by the computer board as analog outputs using digital to analog conversion, using 
the rising edge of the gating pulse as a trigger. The photon counts generated by the 
fluorescence emission from each of the fluorophores are separately monitored over 
time and counted using the multi-chaimel counter timer computer board. An interval 
measurement technique is used to count the photon events. The photon counting 
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device simultaneously samples 5V transistor-transistor logic (TTL) voltage signals 
from the photon detecting devices on the AOM scanner. 

The photon count data acquisition software program consists of the 
following functions. A Set_Gate_Device function programs the gating device to 
generate the gating pulse over the RTSI bus. Its scanmng frequency value can be 
selected from a pre-defined range (above 0 Hz and below 5 KHz), A 
Set_The_Counters function programs the counters on the photon counting board for 
buffered period measurement. The above two functions complete the setup operations 
on the counters and are invoked first in the main control program. After setup is 
complete and photon event signals are connected to source pins of counters on the 
photon counting board, an Arm_Counters function can be called to start the voltage 
pair generation and the photon counting simultaneously. The software uses two 
consecutive periods of the gating pulse signal to collect and individually count the 
number of photon events occurring on each of the multiple photon detection devices 
at the scan location determined by the voltage pair output. The computer program 
then selects the next voltage pair output, corresponding to the next location of the 
AOM scanner as determined by the scan sequence, repeats the voltage generation and 
photon counting operations, and repeats this process until the software is instructed to 
end its data acquisition session. The last function, Disarm_Counters (615), stops the 
counting operations and resets all the voltage output and photon counting operations. 
The data collected by the host PC on a real-time basis are transferred to a database at 
tiie end of each session. 

Referring to Fig 13, the software also incorporates a graphic user 
interface (GUI) tiirough which the user can control the application and monitor the 
progress of the data acquisition session. On the left of the computer screen is a listing 
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of the parameters associated with the particular experiment In the center is a 
depiction of the array of wells from which the signals are being detected. In this 
array, particular wells under consideration are highlighted. Below the depiction of the 
wells are plots of the amplitude of the three fluorescence signals detected from the 
particular well under consideration as a function of time. 

This software module provides real time AOM hardware control and 
data acquisition, using computer hardware (either PC based, custom Hardware, or 
ASIC). Using the software package, the host computer (either PC, custom hardware, 
or ASIC) can simultaneously collect and process input from up to 8 data collection 
stations located at the point of measurement, take actions via outputs in real time and 
store the information into a database for future ofQine processing. The software is 
capable of sending out analog signals to control/monitor the scan operation and the 
measuring process. The software package incorporates computer network 
components which enables it to be vie wed/run/operated remotely over a network by 
more than one concurrent user at the same time. The software incorporates a GUI 
through which the user can view results, and run the application. The software is 
written in C and C-H-, a high level language, but could incorporate modules 
containing Assembly level languages. Middle wares /Application Program Interfaces 
(APIs) for data acquisition and hardware communication are called from within the 
software application. 

This system takes less than 5 milliseconds to complete a scan of 96 
pixels. The scan of each pixel takes SO ^sec, consisting of 1 S |^c of access time 
and 35 ^isec of dwell time. The required process bandwidth is larger than 20 KHz, 
and is implemented at the board level using direct ftmctional calls. It cannot be 
implemented using high level icon programming, as with present acousto-optical 
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scaiming devices. Such present essentially one-dimensional acousto-optical scanning 
devices, which depend on an excitation source consisting of a light source, a beam 
expander, a single acousto-optical deflector, and appropriate lenses, drivers, and 
filters, cannot meet the requirements enumerated above, namely, 

1. The ability to scan the area of a standard titer plate measuring 160 mm by 85 
mm, containing at least 96 wells on an 8 x 12 rectangular grid, with a spatial 
resolution within each well of 50 ^m. 

2. The ability to scan an area of 400 by 400 pixels with a dynamic resolution of 
50 usee per pixel, thus allowing kinetic measurements to be taken of signals 
from several fluorophores simultaneously. 

3. The ability to support a photon coimting detector bandwidth of at least 20 
KHz. 

4. The ability to scan any spot on the plate, or cells within any well on the plate 
in any pre-programmed or random configuration. 

The method and apparatus of the present invention find particular 
application in the delineation of cellular signal transduction pathways and the 
identification of bioactive agents that activate or modulate these pathways. This 
technology can be used to improve the efficiency of screening candidates for new 
drugs. The method and apparatus can be used to combine high throughput screening 
of drug candidates with high information content. Current technology uses two 
separate steps, first a rapid initial low-information content step as an initial screen, 
followed by a second high-information content screen of the drug candidates that 
survive the first step. The ability to follow three or more cellular signals 
simultaneously in real time in a single step opens the possibility of learning more 
about the interaction of complex cellular events than is possible with current 
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technologies. The method and apparatus of the present invention provide a new tool to 
developing such an understanding. The method and apparatus could also be adapted 
to simultaneously detect and follow several ion and/or other specie concentrations in 
body fluids in real time with a time scale resolution of milliseconds. Finally, it should 
be understood that the control and analysis software developed for this method and 
apparatus could be applied to other technologies that involve following three or more 
simultaneous signals in real time with a millisecond or greater time scale resolution. 

The method and apparatus for screening for drug candidates described 
above, and other current fluorescence-based high throughput drug screening 
technologies, use laser light sources to excite fluorophores. Such laser light sources 
have several disadvantages: 

1. Ion laser light sources have certain fixed wavelengths which may not be 
optimal for stimulating the fluorophores contamed in the cells. This 
problem can be addressed by using tunable dye lasers, but these are very 
expensive, bulky to incorporate, and difficult to operate. 

2. Laser light is typically too intense for the cells, requiring optical neutral 
density filters to be used. 

3. Laser light sources occupy significant space, constraining system designs, 

4. Laser light sources need time to stabilize when they are turned on, are not 
robust to mechanical vibration and, because they are not efficient in 
converting electrical energy into light energy, produce heat that must be 
dissipated by cooling systems. 

5. Laser light sources can be a safety hazard. 

6. Laser light sources cannot be modulated with different waveforms. 
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These problems with laser light sources are exacerbated for the 
multiple fluorophore screening system described above, which requires more than one 
light source. By contrast, light emitting diode (LED) light sources have several 
advantages: 

5 1. LEDs can produce monochromatic light of high purity at many 

wavelengths. Such characteristics of the emitted light as intensity, 
modulation frequency and profile, and duty cycle can be controlled and 
adjusted to desired values. 
2. LEDs are easily controllable and programmable. 
10 3. LEDs have long lifespans in continuous use (up to several years). 

4. LEDs are compact, stable, durable, safe, inexpensive, and do not produce 
excess heat. 

An alternate embodiment of a light source for the method and 
apparatus for screening for drug candidates described above would be a waveform 
15 modulated multi-LED light source system. Such an embodiment would have the 
advantages of LED light souces described above, while avoiding the disadvantages of 
laser light sources enumerated above. 

Fig. 14 is a block diagram of the waveform modulated multi-LED light 
source system according to the present invention. Referring back to Figures 1, 2, 3, 4, 
20 and 5, this LED light source replaces block 102 in Fig..s 1 and 2, and block 601 in 
Fig. 11. 

The waveform modulated multi-LED light source operates as follow. 
Either an internal fimction generator 702 or an external function generator 707 can be 
used to drive the LED. If an internal fimction generator 702 is used, its frequency is 
25 controlled with a frequency controller 701. A maximum of 15 LEDs can be driven 
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simultaneously with the dynamic range of each of the LEDs limited to 100 Hz. The 
depth of each of the sine, square or pulse functions, selected by a waveform selector 
703, is modulated with a tunable resistance based potentiometer 704. The luminosity 
of the LED is regulated by a biased current controller 705. The pulse width is 
5 controlled by a pulse width controller 706. 

If an external fimction generator 707 is used to drive the LED, the 
internal function generator is shorted. A maximum of 300 LEDs can be driven 
simultaneously. The dynamic range of each of the LEDs can be modulated up to 6 
MHz. The external fimction can either be generated from a digital-to-analog 
1 0 computer I/O board or a fimction generator. The pulse shape of the input function 
from the external fimction generator is shaped by pulse preserving electronics 608 
prior to the LED driver. 

Fig. 1 5 is a photograph of the front panel of the waveform modulated 
multi-LED light source system according to the present invention. Controls on the 
15 front panel include frequency (adjustable in r Hz increments over the range 1 Hz - 
100 Hz); modulation depth (adjustable in 100 mV increments over the range 0,2Vpp - 
20 Vpp); average intensity (adjustable in ± 100 mV increments over the range OV - 
lOV); and pulse width (adjustable in 100 iisec increments over the range 100 jisec - 
10 msec). Sine, square, or pulse waveforms can be selected. 
20 The method and apparatus of the present invention find particular 

application in the delineation of cellular signal transduction pathways and the 
identification of bioactive agents that activate or modulate these pathways. This 
technology can be used to improve the efficiency of screening candidates for new 
drugs. The method and apparatus can be used to combine high throughput screening 
25 of drug candidates with high information content. Current technology uses two 
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separate steps, first a rapid initial low-information content step as an initial screen, 
followed by a second high-information content screen of the drug candidates that 
survive the first step. The ability to follow three or more cellular signals 
simultaneously in real time in a single step opens the possibility of learning more 
about the interaction of complex cellular events than is possible with current 
technologies. The method and apparatus of the present invention provide a new tool to 
developing such an understanding. The method and apparatus could also be adapted 
to simultaneously detect and follow several ion and/or other species concentrations in 
body fluids in real time with a time scale resolution of milliseconds. Finally, it should 
be understood that the control and analysis software developed for this method and 
apparatus could be applied to other technologies that involve following three or more 
simultaneous signals in real time with a millisecond or greater time scale resolution. 

It can therefore be appreciated that a new and novel method and 
apparatus for screening a drag has been described. It will be appreciated by those 
skilled in the art that, given the teaching herein, numerous alternatives and equivalents 
will be seen to exist which incorporate the disclosed invention. As a result, the 
invention is not to be limited by the foregoing embodiments, but only by the 
following claims. 
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